Introduction
Cricket is considered as one of the major international sports with respect to participants, spectators and media interest. Today, this game is played in three different formats, i.e. Test, One-day International (ODI) and Twenty-Twenty (T20) at the international level. But, Test cricket is the oldest format among the three. It has also the longest form in the world of sports and is internationally acclaimed due to its highest playing standard. In Test cricket, two teams consisting of 11 players in each play a four-innings match, which may last up to five days. It is generally considered to be the most complete examination of the playing ability and endurance of the participating cricketers. In a Test, the relative strengths of the two competing sides are really tested (Lemmer, 2011) .
The first Test match was played between England and Australia in 1877, which was eventually won by Australia by 45 runs. South Africa became the third team to play Test cricket in 1888-89, when they hosted a tour by an under-strength England side. Since the first Test match, there have been more than 2,000 Tests played by 10 teams, i.e. England (ENG), Australia (AUS), South Africa (SA), New Zealand (NZ), India (IND), Pakistan (PAK), Sri Lanka (SL), West Indies (WI), Bangladesh (BAN) and Zimbabwe (ZIM). In 2017, Afghanistan (AFG) and Ireland (IRE) were also awarded the Test status to become the 11 th and 12 th full members of the International Cricket Council (ICC). The frequency of Tests has steadily increased due to the increase in the number of participating countries, and willingness of the concerned cricket boards to maximize their revenue.
There are some interesting facts and figures in Test cricket. In Test cricket, the most successful team, with respect to both wins and win percentage, is Australia, having won 362 of their 773 Tests (46.83%). The least successful team is Bangladesh who has struggled since their introduction to Test cricket in 2000. Donald Bradman of Australia scored the most runs in a Test series, had the maximum number of double centuries and was a part of the record fifth wicket partnership. His batting average was as high as 99.94. In 1956, England spin bowler Jim Laker took 19 wickets for 90 runs. While taking 10 wickets for 53 runs in the second innings, he became the first bowler to capture all the ten wickets in a Test match innings. West Indies batsman Brian Lara has the highest individual score (400 not out against England in 2004) in Test cricket. Pakistan's Misbah-ul-Haq holds the record of the fastest test half century scoring 50 runs from 21 balls. On the other hand, New Zealand's Brendon McCullum scored 100 runs from 54 balls to hold the record for the fastest Test century. Sri Lankan spinner Muttiah Muralitharan is the highest Test wicket-taker with 800 wickets. India's Sachin Tendulkar has the distinction of having the tally of 15,921 runs in Test cricket. The Test record for most number of dismissals (555) by a wicketkeeper is held by Mark Boucher of South Africa, while the record for most catches (210) by a fielder is held by Rahul Dravid of India (Kimber, 1993) .
The process of team selection in Test cricket is a complex decision making problem, being influenced by numerous factors, like the player's individual performance, optimal combination of the players, their physical fitness, playing conditions, strengths and weaknesses of the opponent, and confidence of the selection committee on the players. The performance of a Test cricket team also depends on the quality and fairness of the game, strategies adopted by the coaches and captain; moreover on the involvement and support of the spectators. These above-mentioned factors significantly improve the chances of win of a Test cricket team with an optimal combination of players. There are also many constraints that play key roles in selecting cricketers for a Test team. The manual team selection procedure may have several demerits, like personal liking and disliking, biasness towards a particular player, personal grievances between the team selection committee and players, and social and political pressures. An ill-selected Test cricket team may often lead to failure and for this, the selection committee would become responsible to the spectators/cricket lovers. It also affects the loyalty and morale of the cricketers, resulting in poor performance in a Test match. A sub-optimal/poor team selection which is often responsible for reduced motivation and zeal of the team members thus must have to be avoided. It is always a better approach to employ a scientific tool with strong and valid mathematical foundation for the most befitting Test cricket team selection in less time with minimum complexities. Beaudoin and Swartz (2003) proposed a new measure for evaluating the performance of batsmen and bowlers in One-day cricket. Barr and Kantor (2004) presented a two-dimensional framework consisting of strike rate and probability of getting out for having a useful, direct and comparative insight into batting performance in One-day International cricket games. Ovens and Bukiet (2006) proposed a novel mathematical modelling approach to compute the expected performance of a cricket batting order in an innings and applied it to quantify the influence of batting order in a One-day cricket game based on the available data. Swartz et al. (2006) applied simulated annealing for finding out the optimal or nearly optimal batting order for the Indian One-day cricket team. Sathya and Jamal (2009) adopted genetic algorithm to compose an optimal cricket team from a set of 50 Indian players, and claimed that it could be applied for any multi-player game while just modifying the corresponding fitness function. Ahmed et al. (2011) applied non-dominated sorting genetic algorithm (NSGA-II) to optimize the overall batting and bowling strength of a cricket team, and find team members in it. The algorithm was employed on a set of players auctioned in Indian Premier League (IPL), 4th edition, while considering their T20 statistical data as the performance parameters. Kamble et al. (2011) demonstrated the application of a cricket team selection procedure from a set of Indian players in complex situations using analytic hierarchy process (AHP). Aqil Burney et al. (2012) applied genetic algorithm to find out the optimal solution for the problem of cricket team selection and formation, and verified its applicability on a group of top-performing Pakistani cricket players for Test team selection. The proposed team selection process took into account the number of wins and losses, and recent performance of the players in last few matches. Daniyal et al. (2012) adopted individual and moving range control charts for evaluating the batting performance of some of the selected cricketers. Bhattacharjee and Saikia (2014) proposed a composite index measure to evaluate the performance of cricketers irrespective of their expertise, and then applied a 0-1 integer programming approach to form an optimal cricket team. Saikia et al. (2016) pointed out that the selection of an optimal squad in cricket had been a complex decision making problem, introduced a measure to quantify the performance of cricketers into a single numerical value and validated the proposed approach while taking data from the 5 th edition of IPL. Irvine and Kennedy (2017) identified some key performance indicators that would most significantly affect the outcome of an international T20 cricket match. It was concluded that total number of dot balls bowled, total number of wickets taken and run rate would mainly dictate the result of a T20 cricket match.
It is observed from the above-cited literature review that the application of mathematical tools and techniques in the domain of optimal cricket team selection is really limited. The AHP method and genetic algorithm were mainly utilized for the formation of the best National level Test and One-day cricket teams. It is also noticed that till date, no fruitful endeavour has been put forward to mathematically decide the optimal composition of the Test cricket team for any of the participating countries. Thus, there is an ample scope to deploy any of the existing multi-criteria decision making (MCDM) methods to compose the best National Test cricket team. An MCDM method basically deals with the evaluation and identification of the best course of action/alternative in presence of several mutually conflicting criteria/attributes. Since the inception of Test cricket in 1877, hundreds of players have participated in this sport for their respective countries and some of them have achieved unforgettable traits due to their remarkable contributions in Test cricket. Now, the question always arises in mind that what will the optimal composition of a Test cricket team if all the participated and participating players are taken into account simultaneously. Thus, the objective of this paper is set to compose the all-time best World XI Test team considering all the players from the world of cricket while employing technique for order preference by similarity to ideal solution (TOPSIS) which has already been proven as an efficient MCDM tool for solving complex decision making problems.
TOPSIS method
The TOPSIS method (Hwang & Yoon, 1981) is an MCDM tool which basically converts multiple attributes of a decision making problem into a single performance response value. It has been emerged out as an effective MCDM method because it involves less number of parameters, has high consistency and less computational effort. It is based on the notion that the best chosen alternative should have the shortest Euclidean distance from the positive-ideal solution, and the farthest from the negative-ideal solution. The positive-ideal solution is a hypothetical solution for which all the attributes correspond to their maximum values in the database, whereas, the negative-ideal solution is that hypothetical solution where all the attributes receive minimum values. This method thus provides a more realistic form of modelling as it allows trade-offs between various criteria, where a poor result in one criterion can be balanced by a good result with respect to another criterion. The procedural steps of TOPSIS method for selecting the best course of action from a set of feasible alternatives in presence of multiple conflicting criteria are presented as below: a) Based on the set objectives, identify the pertinent evaluation criteria and a set of alternatives fulfilling those criteria. b) With m number of alternatives and n number of criteria, a decision/evaluation matrix is developed depicting the performance of all the alternatives with respect to the considered criteria. 
where xij is the performance measure of i th alternative against j th criterion. c) From the original decision matrix, the normalized decision matrix is derived using vector normalization procedure to make it dimensionless with comparable elements.
where rij is the normalized value of xij. d) Using AHP or entropy method (Rao, 2007) , determine the priority weight (relative importance) (wj) for each of the criteria. e) Obtain the weighted normalized matrix.
f) Obtain the positive-ideal (best) and the negative ideal (worst) solutions using the following equations: 
h) The relative closeness of a particular alternative to the ideal solution is estimated as follows:
i) The alternatives are now arranged in descending order of their Pi values. The alternative with the highest Pi value is identified as the most appropriate choice.
An excellent review on the applications of TOPSIS method in diverse fields of technological and managerial decision making is available in Behzadian et al. (2012) , Tlig and Rebai (2017) and Bagheri et al. (2018) .
Selection of the all-time best World XI Test cricket team
As the objective of this paper is to compose the all-time best World XI Test team while taking into account all the players from the world of cricket applying TOPSIS method, it becomes the first task to decide about the structure of that team. Like the other National level cricket teams, this World XI Test team also consists of five batsmen (including two openers), one wicketkeeper, one all-rounder, two fast bowlers/pacers and two spinners. In a cricket team, the openers or opening batsmen are those two players who bat first in the innings, i.e. at the number 1 and 2 positions. The role of these two openers in the team is extremely important as they can only provide a good and solid start to the innings. They must be psychologically strong as they have to face the new ball at the start of the innings. At the beginning of an innings, the new ball is hard, moves fast, bounces high, swings in air and seams around unpredictably. As these early conditions are usually in favour of the bowling team, the openers must have patience, sound batting skill, defensive attitude and ability to adjust quickly with the condition of the pitch. They would have the determination to stay longer in the crease to protect the batsmen further down the batting order. If one of them loses his wicket early, it may impose tremendous pressure on the succeeding batsmen. It is often said that an opener needs to be a batter who wants to be an opening batsman. For a Test team, it is always preferred to have a left-hand and right-hand combinations of the openers because of the disruption it can cause to the opponent bowlers trying to establish the correct line and length at the start of the innings.
It is an extremely difficult task to identify the two best openers for the proposed World Test XI cricket team as there are hundreds of players who opened their Test innings for their respective countries. It is thus always better to reduce the total number of Test openers to a manageable figure based on some predetermined threshold criterion. Based on this perception, in this paper, a list of 21 opening batsmen is prepared in Table 1 who opened at least 140 Test innings for their countries. This list contains seven openers from England, four from Australia, three from South Africa, two each from India, Sri Lanka and West Indies, and one from New Zealand, There are no openers in this list from Pakistan, Bangladesh and Zimbabwe as none of their openers fulfils the criterion of playing at least 140 innings as an opening batsman. The performance of all these 21 shortlisted openers is now evaluated based on 12 pivotal criteria, i.e. number of innings (INN), total runs scored (RUN), number of times bowled (BWD), number of times caught by the fielders (CGT), number of times caught behind the wicket (CB), number of times of leg before the wicket (LBW), number of other modes of dismissal (ODM), average run (AVG), number of fifties scored (50s), number of hundreds/centuries scored (100s), number of outs without scoring a single run (DUCK) and the highest score (HS). The other modes of dismissal include stump out, run out, hit wicket, handed the ball and obstructed the field. A cricketer's batting average is the total number of runs scored divided by the number of times he has been out. In the HS column, an asterisk represents that the particular opener remained not out in that innings. Among these 12 performance measures for the openers, BWD, CGT, CB, LBW, ODM and DUCK are the nonbeneficial/cost criteria requiring their lower values, whereas, the remaining six are the beneficial criteria where their higher values are always desired. The pertinent information/statistics for all the considered Test cricket players are accumulated from various web sources, like www.howstat.com, www.espncricinfo.com, www.cricbuzz.com etc. Each of these considered criteria has its individual relative importance on the final selection decision which can only be estimated while employing AHP or entropy method. The criteria weights measured using AHP method are often biased being influenced by the subjective judgements of the decision makers while developing the relevant pair-wise comparison matrices. Thus, it is always preferred to augment entropy method to determine the weights of the considered criteria as it is based on the amount of information available in the form of a decision/evaluation matrix and its relationship with importance of the criterion. The main advantage of this method is that it estimates the criteria weights from the data given in the decision matrix and is independent of the views of the concerned decision makers (Xu, 2004) . It basically measures the uncertainty associated with random phenomena of the information presented in the decision matrix. For selecting the top two openers from a set of 21 alternative choices, the corresponding weights for the 12 considered criteria are calculated as 0.128, 0.125, 0.081, 0.059, 0.040, 0.068, 0.055, 0.099, 0.090, 0.099, 0.056 and 0.100 respectively. It can be clearly observed that the entropy method provides maximum importance (weight) to the number of innings played by a particular opener and total number of runs scored by him. These weights are provided in the last row of Table 1 . Now, based on the procedural steps of TOPSIS method, the decision matrix of Table 1 is first normalized using the vector normalization procedure from which the corresponding weighted normalized matrix is developed. From this matrix, the corresponding positive-ideal and negative-ideal solutions are identified, and the distances of each alternative opener from these two solutions are estimated. The relative closeness of a particular alternative (TOPSIS score) to the ideal solution is then calculated based on which all the 21 openers are subsequently ranked. It can be revealed from Table 1 that Alastair Cook of England and Sunil Gavaskar of India occupy the top positions in the ranking list of the openers. Hence, they are unanimously included in the World XI Test cricket team as the two opening batsmen. They also virtually satisfy the requirement of the left and right handed batting combination in the team. Mathew Hayden (AUS) and Graeme Smith (SA) respectively are at the third and fourth positions in the ranking list of the openers.The roles of the batsmen at the third, fourth and fifth positions in the Test batting order are also important as they have to face an older ball which is likely to turn and will be responsible to make a competitive score in the match. They must be good stroke players and have the ability to attack, consolidate or defend according to the prevailing circumstances in the match. If the openers lose their wickets in the early stage of the innings, these top order batsmen must bear the responsibility to solidify the team's innings. Tables 2,  3 and 4 respectively show the lists of the Test players shortlisted for the third (with minimum 120 innings), fourth (with minimum 140 innings) and fifth positions (with minimum 130 innings) of the proposed World XI Test team. The list of the shortlisted players for the third position in batting order has 14 cricketers (four from Australia, three from West Indies, two from England, two from India, one each from South Africa, Sri Lanka and Pakistan). Similarly, in Table 3 , there are 17 alternative batsmen (four from England, three from Pakistan, two each from Australia, India, New Zealand, West Indies and Sri Lanka) identified for the fourth position in the batting order of the World XI Test team. There are also 17 cricketers in Table 4 (four from England, three from India, three from Pakistan, two from Sri Lanka, two from West Indies, and one each from Australia, New Zealand and South Africa) shortlisted for the fifth position in the batting order. For all these three batting positions, based on the shortlisted players' performance data, the corresponding values of the criteria weights are estimated using entropy method, and it is observed that maximum importance is provided to the number of innings played and total runs scored by a cricketer. The TOPSIS method-based analysis identifies Rahul Dravid from India for the third, Sachin Tendulkar also from India for the fourth and Shivnarine Chanderpaul from West Indies for the fifth positions in the batting order of the proposed World XI Test team. The position of a wicketkeeper in a cricket team is particularly crucial because every team wants someone having safe hands behind the wicket, as one mistake in that area can lead a team to defeat. A good and potential wicketkeeper must also keep the morale of his team high by encouraging the bowlers as well as fielders. He is the best person in the team who can visualize the movement of the ball in air and guide his bowlers to bowl accordingly. A wicketkeeper is also expected to at least bat reasonably well in the middle order. In a cricket team, an all-rounder is that player who can bat as well as bowl. An all-rounder must provide a Test team with the much required balance with his ability to take wickets and score runs. He can act as an extra bowler for his team and also as a good batsman to rescue his team at the time of batting collapse. Thus, an all-rounder can provide the much required rest to the regular bowlers of his team and also support his team with his bat. Table 6 shortlists 14 all-rounders from all the Test playing nations who have scored at least 2000 runs and captured a minimum of 150 wickets. This list of allrounders consists of three players for India, three from New Zealand, two from Australia, two from England, two from South Africa, and one each from Pakistan and West Indies. For evaluation of the performance of all these 14 all-rounders, 18 critical criteria are considered which contain both the measures for the batsmen and bowlers. These criteria are MTC, INN, RUN, number of outs (OUT), AVG, 50s, 100s, DUCK, HS, number of balls bowled (BB), number of maidens (MDN), number of wickets taken (WCK), total runs conceded (RC), bowling average (BAVG), economy rate (ECY), strike rate (STR), number of times five wickets taken in an innings (5W/I) and number of times ten or more wickets taken in a Test match (10W/M). The bowling average is simply the ratio of the total runs conceded to the number of wickets taken. Economy rate is the average number of runs conceded per over by a bowler. The strike rate for a bowler is defined as the average number of balls bowled per wicket taken. Among these 18 evaluation criteria for the all-rounders, MTC, INN, RUN, AVG, 50s, 100s, HS, BB, MDN, WCK, 5W/I and 10W/M are the beneficial attributes, and the remaining are the non-beneficial performance measures requiring their lower values. As usual, based on the entropy method, the priorities of all these criteria are estimated, as provided in Table 6 . The corresponding TOPSIS scores are calculated and the candidate all-rounders are then ranked depending on the descending values of their TOPSIS scores. It can be revealed from this table that Jacques Kallis from South Africa emerges out as the best all-rounder for inclusion in the proposed World XI Test cricket team. Richard Hadlee of New Zealand is the second best all-rounder. In a Test match, the main goal of any bowler is to take the wicket of the opponent batsman, followed by trying to prevent him from scoring runs. Depriving a batsman from scoring runs often makes him frustrated and compels him to attempt risky shots to score. In addition, stopping the batsman from scoring runs keeps him at the crease to face consecutive balls which may be a tactical strategy. The success of a Test cricket team primarily lies on its skilled fast bowlers, with spinners in the support roles. At the start of an innings in a Test match, two fast bowlers/pacers/seamers share the bowling attack for the fielding side while trying to exploit the early favourable condition of the pitch. At this time, the ball is used to move fast and swing in air, causing difficulty for the opponent's opening batsmen to play and score runs. If these two fast bowlers can make a breakthrough of the opponent's innings by taking a couple of wickets at the beginning of the innings, the opponent team will be under tremendous pressure and will face a huge difficulty to recover from that awkward situation. In the history of International Test cricket, there exist hundreds of fast bowlers sharing the responsibilities to start the bowling attacks for their respective countries. While trimming down these large number of fast bowlers into a convenient figure, a list of 23 fast bowlers is prepared in Table 7 based on the criterion that they should have played at least 70 Test matches for their countries. This list contains six fast bowlers from Australia, four from England, four from South Africa, three from West Indies, two from India, two from Pakistan, and one each from New Zealand and Sri Lanka. The performance of all these 23 fast blowers is now evaluated based on ten criteria, i.e. MTC, BB, MDN, WCK, RC, BAVG, ECY, STR, 5W/I and 10W/M. The weights of these criteria are also determined while employing entropy method and it is revealed that number of matches played by a fast bowler has the maximum importance, followed by the number of maidens he bowled and number of 10 or more wickets he took in a Test match. The corresponding TOPSIS scores are computed as shown in Table 7 Like the fast bowlers in a Test team, the spinners are also responsible in taking the opponent's wickets and restricting them to a moderate score which will be easy to chase. A spinner in a cricket team can turn the ball while pitching it on the cracks and footmarks of the fast bowlers on the crease. The world of cricket has also witnessed some remarkable spinners famous for their bowling and wicket taking abilities. From those, a pool of 21 spinners is developed in Table 8 , shortlisting them based on the criterion that they should have played at least 50 Test matches for their respective counties. This list of 21 alternative spinners consists of seven spinners from England, five from India, four from Pakistan, two from Australia, two from Sri Lanka and one from West Indies. The procedure for their performance evaluation is same as that for the fast bowlers. When they are ranked depending on their computed TOPSIS scores, Muttiah Muralitharan from Sri Lanka and Shane Warne from Australia are identified as the top two spinners for inclusion in the World XI Test team. Basically, Muttiah Muralitharan supersedes all his competitors with a TOPSIS score of as high as 0.914. Anil Kumble of India and Rangana Herath of Sri Lanka respectively occupy the third and fourth positions in the derived ranking list. Muttiah Muralitharan has been renowned for his great off-break bowling and Shane Warne has been the king of leg-spin bowling. Their inclusions in the World XI Test team also fulfil the much desired off-spinner and leg-spinner combination in a cricket team. (AUS) based on their achievements in Test matches. In that all-time Test XI team, there were four players from Australia, three from West Indies, two from England, and one each from India and Pakistan. It was formed based on the opinions of 12 members of the jury (each juror was asked to pick a first XI and a second) and depending on the points allotted to each of the players, a list was prepared consisting of those having the maximum points. As this process was based on the opinions and preferences of the jury members, it is supposed to be not always absolutely free from biasness and personal choices. On the other hand, to mark its 150 th anniversary, Wisden Cricketers' Almanack, a cricket reference book published from England, formed another all-time Test XI team comprising Jack Hobbs (ENG), WG Grace (ENG), Donald Bradman (AUS) (c), Sachin Tendulkar (IND), Viv Richards (WI), Garry Sobers (WI), Alan Knott (ENG) (wk), Wasim Akram (PAK), Shane Warne (AUS), Malcolm Marshall (WI) and Sydney Barnes (ENG). This selection process was based on shortlisting 11 players from more than 2,600 people appeared in Test matches across 150 years of the Wisden's life. Points were allocated to each of the players based on their performance in the history of World cricket. The list consisted of four cricketers from England, three from West Indies, two from Australia, one each from India and Pakistan. It was also not at all free of controversy and criticism from the cricket lovers as it included twice any many cricketers from England as compared to Australia. It had only two cricketers from the Asian cricket playing nations. Thus, it is observed that the formation of the two above-mentioned all-time best Test cricket teams has no concrete mathematical foundation and is not free from biasness. Hence, the best World XI Test team which is formed taking into consideration the shortest Euclidean distances of the alternatives from the positive-ideal solutions is more realistic and absolutely free from any involvement of the decision makers. Excepting New Zealand and Pakistan, it includes players from the remaining six Test playing countries, having no biasness towards any particular nation. It also includes some of the cricketers from the lists prepared by ESPN Cricinfo and Wisden.
Table 9
List of captains for the Test playing countries This Test team is supposed to be more practical and free from any human judgement. The TOPSIS method can also be applied to form the all-time best World One-day and T20 cricket teams. It can practically be employed to find out the best possible combination of players for any multi-player game for any country.
